Gallstone disease (GD) is a chronic recurrent hepatobiliary disease, the basis for which is the impaired metabolism of cholesterol, bilirubin and bile acids, which is characterized by the formation of gallstones in the hepatic bile duct, common bile duct, or gallbladder. GD is one of the most prevalent gastrointestinal diseases with a substantial burden to health care systems. GD can result in serious outcomes, such as acute gallstone pancreatitis and gallbladder cancer. The epidemiology, pathogenesis and treatment of GD are discussed in this review. The prevalence of GD varies widely by region. The prevalence of gallstone disease has increased in recent years. This is connected with a change in lifestyle: reduction of motor activity, reduction of the physical load and changes to diets. One of the important benefits of early screening for gallstone disease is that ultrasonography can detect asymptomatic cases, which results in early treatment and the prevention of serious outcomes. The pathogenesis of GD is suggested to be multifactorial and probably develops from complex interactions between many genetic and environmental factors. It suggests that corticosteroids and oral contraceptives, which contain hormones related to steroid hormones, may be regarded as a model system of cholelithiasis development in man. The achievement in the study of the physiology of bile formation and the pathogenesis of GD has allowed expanding indications for therapeutic treatment of GD.
INTRODUCTION
Gallstone disease (GD) (cholelithiasis) is one of the most prevalent gastrointestinal diseases, with a substantial burden to health care systems [1] . Gallstones (GS) may form because of many different disorders [2] . GD is a chronic recurrent hepatobiliary disease, the basis for which is the impaired metabolism of cholesterol, bilirubin and bile acids, which is characterized by the formation of gallstones in the hepatic bile duct, common bile duct, or gallbladder [3] . GD and cardiovascular disease, common diseases worldwide, are strongly associated and have considerable economical impact [4] [5] [6] . Among gastroenterological diseases, GD is one of the world's most expensive medical conditions [7] . In the United States, there are more nited States, there are more , there are more than 500 000 cholecystectomies, the total cost of which exceeds 5 billion dollars [8] . GS are considered avoidable causes of death [9] .
EPIDEMIOLOGY
GD is a common disorder all over the world [10] . The prevalence of GD varies widely by region. In Western countries, the prevalence of gallstone disease reportedly ranges from approximately 7.9% in men to 16 .6% in women [11] . In Asians, it ranges from approximately 3% to 15%, is nearly non-existent (less than 5%) in Africans [12, 13] , and ranges from 4.21% to 11% in China [14] . The prevalence of gallstone disease is also high in some ethnic groups, e.g., 73% in Pima Indian women; 29.5% and 64.1% of American Indian men and women, respectively; and 8.9% and 26.7% of Mexican American men and women, respectively [11, 15, 16] . With an overall prevalence of 10%-20%, GD represents one of the most frequent and economically relevant health problems of industrialized countries [17] . There is a steady-state trend for higher GD morbidity, which is associated with the improved diagnosis of the disease. One of the important benefits of early screening for gallstone disease is that ultrasonography can detect asymptomatic cases, which results in early treatment and the prevention of serious outcomes [1, 18] . The reference standard to detect GS was represented, not only by the ultrasonographic scan of the gallbladder, but also by the direct examination of the explanted liver [2] . The Hispanic and indigenous populations of the United States show particularly high morbidity rates nited States show particularly high morbidity rates show particularly high morbidity rates [19, 20] . Epidemiological survey data in the United States suggest that approximately 20 million Americans suffer from GD. At the same time, GD is, on the contrary, less characteristic for the peoples of southeast Asia, Africa and the far north [21] . In Russia, the prevalence of GD among the examinees ranges from 3% to 12%. The prevalence of gallbladder and biliary tract diseases among the digestive ones is 15.8% in Russian adults, while this index is as high as 22% in Moscow.
ETIOLOGY OF GALLSTONE DISEASE
GD is a multifactorial disease. In the general population, one of the main risk factors for developing GD is gender: gallstones are more common in women than in men. Other factors are age, genes and race. Additional factors are obesity, rapid weight loss, glucose intolerance, insulin resistance, high dietary glycemic load, alcohol use, diabetes mellitus, hypertriglyceridemia, drugs and pregnancy [2] . Four major groups of factors that contribute to the formation of cholesterol gallstones to some degree may be identified [22, 23] : (1) those that contribute to cholesterol (1) those that contribute to cholesterol those that contribute to cholesterol supersaturation of bile; (2) those that contribute to cho- (2) those that contribute to chothose that contribute to cholesterol precipitation and crystallization core formation; (3) those that result in impairment of basic gallbladder those that result in impairment of basic gallbladder functions (contraction, absorption, secretion, etc); and (4) and (4) those that lead to impairment of the enterohepatic circulation of bile acids.
Factors that contribute to bile cholesterol supersaturation Age� � Gallstone detection rates increase with age, which makes it possible to consider it one of the risk factors for GD [24] . No significant differences have been found in the frequency of gallstone formations in childhood and adolescence. Cholelithiasis in children is an unusual finding but is not exceptional and is associated with nonspecific symptoms [25, 26] . After 20 years of age, the rate of gallstone formation increases with each decade [27] . If GD occurs in 7%-11% of cases in a group of subjects under the age of 50 years, then calculi are detectable in 11%-30% of subjects aged 60-70 years and in 33%-50% of those over 90 years of age. The amount of cholesterol in the bile is supposed to increase with age [28] . This is caused by dyslipoproteinemia that results in a linear increase in cholesterol excretion into the bile and by the reduced synthesis of bile acids due to the dropped activity of the enzyme cholesterol 7α-hydroxylase (CYP7A1) [29] . The xenobiotic receptor, pregnant X receptor (PXR), has a role in the pathogenesis of cholesterol GD [30] . PXR prevents cholesterol GD via its coordinated regulation of the biosynthesis and transport of bile salts in the liver and intestine. Cholesterol precipitation is prevented by increases in concentrations of biliary bile salts and a reduced cholesterol saturation index (CSI) [30] . Loss of PXR sensitized mice to lithogenic diet-induced cholesterol GD, characterized by decreases in biliary concentrations of bile salts and phospholipids and increases in the CSI and formation of cholesterol crystals. The decreased bile acid pool size in PXR-/-mice that received lithogenic diets was associated with reduced expression of CYP7A1, the rate-limiting enzyme of cholesterol catabolism and bile acid formation. The reduced expression of CYP7A1 most likely resulted from activation of PXR and induction of fibroblast growth factor 15 in the intestine [30] . There is a negative correlation between age and the amount of synthesized bile acids and a positive correlation between cholesterol levels and age. Furthermore, hemoperfusion of the gallbladder wall is noted to be reduced with age due to the presence of sclerotic changes. This contributes to the dysfunction of the gallbladder, its infection and inflammation with exudation into the lumen of the organ.
Gender� � The female gender is a generally recognized risk factor of GD [10, 24, [31] [32] [33] . Marschall HU and Einarsson C [34] assume that age and sex are profoundly associated with the incidence of gallstone disease; the metabolic risk factors for gallstone disease are different between men and women [1, 29] . In reproductive-aged women, the risk of cholelithiasis is 2-3 times higher than that in men [10] . The reasons for this have not been fully elucidated. Pregnancies also contribute to formation of stones in the gallbladder [10, 22, 33] . GD is particularly common in multiparas (parity 4 or more). Gender differences and frequent GS detec-tions in pregnant women are linked with hormonal background [10] . Elevated estrogen levels are known to increase cholesterol excretion into the bile by causing its supersaturation with cholesterol. During pregnancy, in addition to the elevated level of estrogens, gallbladder evacuation function suffers, giving rise to bile sludge and gallstones. Hormone replacement therapy (HRT) with estrogencontaining agents in postmenopausal women [35] and the use of hormonal oral contraceptives [19] may increase the risk of symptomatic GS. Use of HRT is positively associated with an increased risk of symptomatic GS in this population. This confirms trial data and additionally shows effects of duration of use and increased risk associated with past use [36] . Opinions regarding the association between gallbladder disease and oral contraceptives differ [19] . This may be associated with the fact that the effect of estrogens is dose-dependent. Therefore, the currently available low-dose estrogen-gestagen combination oral contraceptives have a lower risk for GD [10] . Regarding gender, despite of the higher absolute frequency of GS in females with cirrhosis, the risk of cholelithiasis in cirrhotic males is much higher than in the healthy population [2] . Fornari et al [37] claimed that cirrhosis is a risk factor for GD in males and suggested that a high level of estrogens could play a role by an impairment of gallbladder emptying, as observed also in pregnant women. Age, sex and body mass index (BMI), relevant factors for GS development in the general population, are much less important in patients affected by cirrhosis where the main factor to be considered is the degree of impairment of underlying liver disease [2] . Genetic factors� � There is growing evidence that GS formation may be genetically determined [38] . The risk of GS formation is 2-4 times higher in individuals whose relatives suffer from GD [32, 39] . In cases of family GD, genetic factors play a prevailing role and are characterized by autosomal dominant inheritance [31, 40] . Genetic susceptibility contributes to the etiology of gallbladder diseases, as shown by multiple epidemiological studies. Murine experiments have shown that there is a lithogenicity gene [41] . A major gallstone susceptibility locus (Lith6) was identified in 2003 by quantitative trait locus mapping in mice. Two attractive positional and functional candidate genes in apolipoprotein B mRNA-editing protein (APO-BEC1) and peroxisome proliferator-activated receptor gamma (PPARG) are located in this interval. In the investigated German samples, no evidence of association of APOBEC1 and PPARG with gallstone susceptibility was detected. Systematic fine mapping of the complete Lith6 region is required to identify the causative genetic variants for gallstone in mice and humans [42] . From quantitative trait locus mapping in inbred mice, Kovacs P et al [43] identified the Nr1h4 gene encoding the nuclear bile salt receptor FXR (farnesoid X receptor) as a candidate gene for the cholesterol gallstone susceptibility locus Lith7. Genome wide scans of inbred strains of mice have linked the genes encoding the hepatocanalicular cholesterol transporter. ATP binding cassette (ABC) G5 and G8 (ABCG5/G8) are sterol export pumps which regulate biliary cholesterol absorption and excretion. Supersaturation of bile with cholesterol is a primary step in the formation of cholesterol gallstones. The function of this transporter and the results of the genetic study taken together indicate that in gallstone-susceptible carriers of the ABCG8 19H allele, cholesterol cholelithiasis is secondary to increased hepatobiliary cholesterol secretion [44] . The formation of GS, supersaturated with cholesterol in bile, is determined by genetic and environmental factors. The linkage and association studies identified the cholesterol transporter ABCG5/G8 as a genetic determinant of GS formation, or LITH gene, in humans. The interaction of susceptible gene polymorphisms with age, sex and BMI in GD is unclear. Carriers of ABCG5 604Q or ABCG8 D19H polymorphisms have an increased risk of GD independent of age, sex and BMI [45] . The T400K polymorphism in ABCG8 may be associated with the incidence of GD in males [46] . The genes associated with the development of GD are assumed to be located mainly on chromosomes 3, 4, 9 and 11 [47] . The increased expression of 3-hydroxy-3-methylglutaryl-coenzyme-Areductase, the enzyme that regulates the synthesis of cholesterol in the body, has been earlier suggested to play the most major role [48] . Gene variants in the lipid metabolism pathway contribute to the risk of biliary tract stones and cancers, particularly of the bile duct [49] . With certain gene polymorphisms, there is an increased risk for systemic metabolic disturbances, leading to the higher secretion of cholesterol into the bile and to gallbladder dysfunction [17, 44, 46] . Genetic polymorphisms in apolipoprotein genes may be associated with alteration in lipid profile and susceptibility to GD [5, 50] . The APOA1-75 G/A polymorphism is associated with gallstone disease and shows sex-specific differences. On the other hand, APOA1 M2(+/-) and APOC3 SstI polymorphisms may not be associated with gallstone disease. Haplotype analysis is a better predictor of risk for GD [51] . It was recently presented that a common polymorphism in the low-density lipoprotein receptor-related protein-associated protein (LRPAP1) gene might be associated with GD [52] . Mutations of the gene encoding the hepatocanalicular phosphatidylcholine transporters may lead to reduced lecithin secretion into the bile and its increased lithogenicity [53, 54] . Association was stronger in subjects with cholesterol gallstones (odds ratio = 3.3), suggesting that His19 might be associated with a more efficient transport of cholesterol into the bile [17] . Cholesterol 7alpha-hydrolase (CYP7A1) is an enzyme that catalyzes the first, rate-limiting reaction of a cholesterol catabolic pathway. Recently, a common c.-278A �� C polymorphism (rs3808607: G �� T) has been �� C polymorphism (rs3808607: G �� T) has been �� C polymorphism (rs3808607: G �� T) has been C polymorphism (rs3808607: G �� T) has been C polymorphism (rs3808607: G �� T) has been G �� T) has been G �� T) has been �� T) has been �� T) has been T) has been T) has been described in the CYP7A1 gene, associated with altered plasma lipid levels. Authors concluded that CYP7A1 promoter polymorphism is not a valuable marker of GD susceptibility in a Polish population [52] . Mucin, a major component of mucus, plays an important role in GS formation. The molecular mechanisms of mucin overproduction, however, still remain unknown. Several mucin genes (MUC) have been implicated in various diseases and gel-forming mucin genes (MUC2, MUC5AC, MUC5B, and MUC6) were recognized to be the important components of digestive mucus. Furthermore, epidermal growth factor receptor (EGFR) might regulate the function of MUC5AC. MUC5AC is overexpressed in GD, despite of the decrease in the expression of EGFR mRNA. MUC5AC may be related to mucus hypersecretion [55] . The SNPs at MUC1 and MUC2 are significantly associated with GS in men but not in women. These genes can work jointly to further increase susceptibility to GS in a Chinese population [56] .
Being overweight and o�esit�� and o�esit�� and o�esit�� � Being overweight and obesity are important risk factors of cholelithiasis [24, 31, 33, 57] . Obesity is accompanied by increased synthesis and excretion of cholesterol into bile. At the same time, the amount of produced cholesterol is directly proportional to being overweight [8] . Weight cycling, independent of BMI, may increase the risk of GD in men. Larger weight fluctuation and more weight cycles are associated with greater risk [58] . The beta3-adrenergic receptor (ADRB3) is a transmembrane receptor highly expressed in adipose tissue and thought to be involved in the regulation of lipolysis. ADRB3 is also highly expressed in gallbladder tissue where it may be involved in gallbladder contraction. Klass et al [59] indicate that the ADRB3 Trp64Arg polymorphism is associated with gallstone disease, thereby representing a genetic marker that identifies subjects at higher risk for gallstone formation. Low-calorie diets used in obese patients give rise to ointment-like bile and stones in 25% of cases. In the case of bypass surgery for obesity, the likelihood of cholelithiasis is even higher: 50% of patients are found to have GS within 6 mo postoperatively. Weight loss is accompanied by the elevated levels of mucin and calcium in the cystic bile, thereby giving rise to biliary sludge and stones in the gallbladder.
Diet� � A high intake of cholesterol increases its bile level [31] . A low-fiber diet slows transit of the intestinal contents, which promotes the increased formation and absorption of secondary bile acids and the enhanced lithogenic properties of bile [22] . Refined carbohydrates increase cholesterol saturation of bile while small doses of alcohol have the opposite effect. Epidemiological studies in the United nited States have demonstrated that a daily intake of 2-3 cups have demonstrated that a daily intake of 2-3 cups of coffee reduces the risk for GS formation [60] . Long-term parenteral nutrition promotes gallbladder dilatation and hypokinesia and gives rise to gallstones [48] .
Liver and pancreatic diseases� � In liver cirrhosis, GS are detectable in 30% of patients [61, 62] . It is stated that subjects with HBsAg [63] and viral hepatitis C have an increased risk for GS formation. Hepatic metabolic dysfunction and bile duct lesions are mentioned among its possible causes [57] . In primary biliary cirrhosis, bile duct stones (more commonly pigment ones) are encountered in 39% of patients. The incidence of GD increases in fatty hepatosis [64] . Patients with diabetes mellitus are at a higher risk for GD, which is linked with hypercholesterolemia observed in this disease [31, 65] . Immune resistance associated with the polymorphism of genes encoding receptors in adipocytes: retinoid X receptor and peroxisome proliferators-activated receptor promotes the occurrence of cholelithiasis, as shown by the Chinese investigators' data [66] . Drug: Estrogens, prednisolone, cyclosporine, azathioEstrogens, prednisolone, cyclosporine, azathioprine, sandostatin [67] , clofibrate, nicotinic acid and a number of other long-term drugs increase the risk for GD [68, 69] . Oral contraceptives increase the incidence of GD in younger women, especially in the early period of their use of oral contraceptives [70] . Sixty-eight point eight Sixty-eight point eight percent of SLE patients on corticosteroid therapy had of SLE patients on corticosteroid therapy had cholelithiasis [71] . The data, presented in these articles, suggest that corticosteroids and oral contraceptives, which contain hormones related to steroid hormones, may be regarded as a model system of cholelithiasis development in man.
Long-term corticosteroid therapy is well known to cause dyslipoproteinemia, characterized by elevated plasma total cholesterol, triglycerides and low-density lipoprotein cholesterol. The major catabolic pathway for cholesterol is its transformation into bile acids, involving P450 cytochrome and subsequent bile excretion from the body. The elevated level of total cholesterol may change a bile acid/cholesterol ratio and lead to the formation of GS in patients with SLE or in patients who use oral contraceptives.
Cytostatic therapy during organ transplantation increases the risk of cholelithiasis. Stone formation is noted in 13%-60% of acromegaly patients taking octreotide (sandostatin) and becomes particularly high when it is discontinued [67, 72] . Ceftriaxone frequently causes transient biliary precipitation and its probability increases if the child is over 12 mo of age, the dose is over 2 g/d, or the duration is over five days. Ceftriaxone, a third-generation cephalosporin, is widely used for treating infection during childhood. It is mainly eliminated in the urine, but approximately 40% of a given dose is unmetabolized and secreted into bile [73] . The risk for cholelithiasis increases in constitutive obesity and in the case of long-term highdose insulin therapy and insulin resistance [74] . Gallstones appear to be a marker for insulin resistance, even in nondiabetic, nonobese men [75] . Long-term therapy with each of these agents enhances cholesterol excretion into bile and results in its supersaturation with cholesterol through competitive inhibition of bile acid synthesis from cholesterol on cytochrome Р450 [71] ( Figure 1 ). ure 1). 1). The defect in the key enzyme of the classical pathway of bile acid synthesis, cholesterol 7α-hydroxylase (CY-P7A1), has been associated with a decrease in bile acid production via the classical pathway, which is compensated by activation of the alternative acidic pathway [76] .
In these individuals, hepatic cholesterol contents are increased and, in adults, LDL hypercholesterolemia and cholesterol GS are commonly present [77] . Genetic variation in genes involved in steroid biosynthesis, metabolism and signal transduction have been suggested to play a role in GD. An association for cholelithiasis risk between short alleles for both c.1092+3607 (CA) 5-27 and c.172 (CAG) 5-32 repeat polymorphisms of the estrogen receptor-beta and androgen receptor was found in individuals of Greek descent [78] . Occurring cholesterol metabolic disturbances are attended by decreased gallbladder motor activity, which also promotes GS formation.
Low socioeconomic status and a poor hygiene level are currently stated among the risk factors of GD [79] . By using logistic regression multivariate analysis, authors [32] from Saudi Arabia note the following significant risk factors for GD: female sex, family history of gallstone disease and past history of pancreatitis. Moreover, age, education, blood pressure, smoking, coffee intake, being overweight, diabetes mellitus, number of pregnancies and use of oral contraceptives were not significant risk factors [32] . The data presented by the authors does not correspond well with the above mentioned and raises a question about the correlation of race and gallstone disease development. Apparently, a multicenter multinational investigation is required.
Factors that contribute to cholesterol precipitation and crystallization core formation Mucin-glycoprotein gel is one of the most important and identified pronucleators. Mucins are high-molecularweight glycoproteins containing oligosaccharide sidechains attached to serine or threonine residues of the apomucin backbone by O-glycosidic linkages [80] . Mucins can be divided into two classes: gel forming and membrane-associated. Bile mucin has two main domains: one rich in serine, threonine and proline, which contains the majority of the covalently-bound carbohydrates; and another, nonglycosylated domain, enriched in serine, glutamic acid, glutamine and glycine, which binds hydrophobic ligands such as bilirubin. In health, mucin is constantly secreted by the gallbladder mucosa; however, its secretion increases if lithogenic bile is present. Secretory mucins are gel forming and may increase bile viscosity. The biochemical composition of hepatic bile is modified during residence in the gallbladder, contributing to sludge formation. An increased expression of gel-forming mucin, such as MUC5AC and MUC2, was found in patients with hepatolithiasis [81] . Wang and coworkers [82] described a positive correlation between MUC1 and MUC5AC expression, indicating a gene-gene interaction that might affect the accumulation of mucin gel and cholesterol GS formation. Bile mucin is derived from pure hepatic bile, gallbladder-concentrated bile, and mucin secreted by the bile duct epithelium. In patients with biliary sludge, mucin concentration was higher in bile collected by endoscopic retrograde cholangiography than in gallbladder bile [80] . The biochemical composition of hepatic bile is modified during residence in the gallbladder, contributing to sludge formation.
Bilirubin is frequently found in the center of cholesterol stones, which allows us to think that cholesterol crystals may precipitate as protein-pigment complexes in the gallbladder.
Factors that lead to impaired gallbladder function (contraction, absorption, secretion)
Cholesterol precipitates are constantly formed in the normal gallbladder. Its contraction removes cholesterol crystals and mucus clumps, preventing the formation of stones [83] . This is also favored by the slightly acidic medium of bile. Gallbladder filling and emptying could be impaired in patients with GD [84] . GS formation is associated with poorer contractility and larger gallbladder volume [85] . It is likely that an increase in gallbladder volume could result in impaired gallbladder motility and bile stasis, which may encourage GS formation [86] . Cholestasis in the gallbladder with its preserved concentrating func- Gallbladder emptying is difficult in flatulence, pregnancy [87] , on switching to complete parenteral nutrition, in prompt weight loss, long-term starvation [29] , celiac disease, iron-deficiency anemia [88] and gallbladder cholesterosis [89] . With age, there is a reduction in the sensitivity and number of receptors to cholecystokinin, motilin and other stimuli of the motor activity of the gallbladder receptor apparatus. There is evidence for certain cholecystokinin receptor A gene polymorphisms that increase the rate of cholelithiasis due to impaired gallbladder motility [90] . Increased expression of the gene encoding the synthesis of type Ⅱ receptor to pituitary polypeptide that activates adenylate cyclase in the tissue of the gallbladder, resulting in its impaired motility, is involved in the development of GD [91] . Somatostatin, atropine and methylscopolamine lower gallbladder contractility. Morphine exerts a cholecystokinetic effect but concurrently induces spasm in the sphincter of Oddi.
A few investigators attribute gallbladder smooth muscle hypokinesia to excess cholesterol in the cytoplasmic membranes of myocytes. The defective contraction of muscle cells with excessive cholesterol levels in the plasma membrane is due to an increased expression of caveolin-3 proteins Cav-3 that results in the sequestration of CCK-1 receptors in the caveolae, probably by inhibiting the functions of Galpha (i3) proteins [92] . Contractility of the gallbladder may be impaired by its denervation after surgery of the hepatopancreatoduodenal area or gastrectomy with bypass [93] [94] [95] [96] . A notable reduction in the number of neurons in the gallbladder wall was observed in Chagas patients, in comparison with nonChagas subjects [97] .
Factors that lead to impaired enterohepatic circulation of bile acids Small bowel diseases accompanied by severe malabsorption (gluten enteropathy, Crohn's disease, etc.) result in impaired bile acid absorption [22] . The rate of stone formation amounts to as high as 26.4% in Crohn's disease with predominant localization in the terminal small bowel.
At the same time, there is no difference in the rate of GS formation between men and women. There is no age-dependence characteristic of GD [48] . Cholesterol stones are generally formed in Crohn's disease; however, there is evidence that pigment stones may be formed in this disease.
Ileectom�� � Subtotal and total hemicolectomies increase
Subtotal and total hemicolectomies increase the risk of GS formation.
Biliar� fistulas� � External drainage or biliary fistulas resulting from the pathological process, such as in xanthogranulomatous cholecystitis, promote massive loss of bile acids, which is not offset even by their intensive compensatory synthesis. Resection, diseases of the small Resection, diseases of the small Resection, diseases of the small bowel, with the pathological process being located in the terminal portion, and biliary fistulas lead to impaired enterohepatic circulation of bile acids and, as a result, to dyscholia and GD.
Composition of gallstones
Stones in the gallbladder and/or bile ducts are a morphological substrate of GD. The major components of virtually all types of GS are free unesterified cholesterol, unconjugated bilirubin, bilirubin calcium salts, fatty acids, calcium carbonates and phosphates, and mucin glycoproteins.
Three main categories of gallstones can be identified according to their predominant chemical composition, cholesterol and pigment stones [2] : (1) cholesterol stones, (1) cholesterol stones, cholesterol stones, constituting as high as 75% of all gallstones in GD [10, 98] ; (2) pigment stones; and (3) mixed stones.
; and (3) mixed stones. mixed stones. . White or yellowish cholesterol gallstones are present in the gallbladder; they are round or oval in shape, light (they do not sink in water) and, when ignited, burn with a bright flame. When sectioned, they are radial in structure due to the radial alignment of cholesterol crystals. Cholesterol and mixed stones comprise mainly of cholesterol monohydrate (it is at least 70% in the cholesterol stones [22] ) and a mixture of calcium salts, bile acids, pigments and glycoprotein, which may be present in the center of a gallstone and generate radial or concentric precipitates. Scanning and transmission electron microscopic studies of the microstructure of lithogenic bile have indicated that lamellar vesicles with incorporated lipophilic and hydrophilic compounds are not only a precursor, but also a major structural component of cholesterol stones [99] . Methods of study that determine the spatial relationships between the major components of lithogenic bile during crystallization are of great importance. The The The data on the structural relationship between glycoproteins and cholesterol in the GS are obtained from histochemical studies using light microscopy.
Color cathodoluminescence scanning electron microscopy (CCLSEM) studies of cholesterol GS ( Figure 2) ure 2) 2) have shown that their major components are cholesterol and protein constituents (Figure 2A and B, respectively) . ure 2A and B, respectively). 2A and B, respectively). Bilirubin is arranged as individual embedments onto the surface of the section of a stone ( Figure ��� gure ��� ��� �� ) [71, 100, 101] . Pigment GS are those that contain less than 30% cholesterol. These are black (compact and small) and brown (softer and large) pigment stones. The black pigment stones account for 20%-30% of the gallstones in GD and are more frequently encountered in the elderly. They are composed predominantly of calcium bilirubinate, phosphate and carbonate without a cholesterol impurity [102] [103] [104] [105] . They have different shapes, are more commonly very small and numerous, greenish black in color, compact, but fragile. There are also brown pigment stones, very common in east Asia, which form due to bile stasis, parasites, incomplete polymerization of calcium hydrogen bilirubinate, saturated fatty acids and bacterial infection with enzymatic hydrolysis of biliary lipids [2] . The brown stones are chiefly located in the bile duct and amount to about 10%-20% of the stones that are formed in GD. The brown pigment stones contain calcium bilirubinate, less polymerized than that in the black pigment stones, as well as cholesterol and calcium palmitate and stearate. For pigment stones, supersaturation of bile with unconjugated bilirubin plays a major role, which results in its agglomeration [103] . Chronic hemolytic anemias are a major risk factor of bilirubin stone formation [104] . About 30% of patients with thalassemia major (TM) suffer from GD [105] . Recent studies have shown that a variant TATA-box in the promoter region of the UDP-glucuronosyltransferase 1A1 (UGT1A1) gene is associated with the development of cholelithiasis [105] . The coding region mutation (G71R) of the UGT1A1 gene was higher in Asians than those in Caucasians. The combined TATAbox variants and G71R mutations of the UGT1A1 is associated with cholelithiasis in beta-thal/Hb E [106] . It has been thought that intrahepatic stones are brown pigment stones (bilirubin carbonate stones). It became clear that carbonate stones). It became clear that carbonate stones). It became clear that the intrahepatic stones contained high levels of free bile acids and that bacterial infection, which deconjugates the glycine and taurine conjugations, is involved in the pathogenesis of GS. The fatty acid analysis demonstrated high levels of free saturated fatty acids in the GS as well as the involvement of phospholipases, which break down phospholipids in bile, particularly phospholipase A1 [107] . Purely calcific stones that are composed of calcium carbonate are very rare in adults [48, 108] . In contrast, calcium carbonate gallstones are relatively common in children. An increase in mucin producing epithelial cells in gallbladders from children containing calcium carbonate stones was demonstrated. This supports the hypothesis that cystic duct obstruction leading to increased gallbladder mucin production may play a role in the development of calcium carbonate gallstones in children [108] . Mixed cholesterol-calcific-pigment stones are most common: they sink in water and burn poorly; when cut, they have a lamellar pattern. The causes and factors which induce the alternation of layers and their chemical heterogeneity remain unknown. The mixed stones have various shapes and sizes. The data obtained by CCLSEM suggest that the composition and structure of single and multiple mixed GS are different [100, 101] : (1) the single (1) the single the single mixed GS display a protein-cholesterol composition in the core; (2) the multiple mixed GS exhibit a protein-(2) the multiple mixed GS exhibit a proteinthe multiple mixed GS exhibit a proteinbilirubin composition in the core; and (3) moreover, the and (3) moreover, the moreover, the single and multiple mixed GS necessarily contain a protein component that is arranged along the stone section plane. Whether bile glycoproteins are implicated in the formation of cholesterol stones is still debated. The data of qualitative and quantitative biochemical studies of the pronucleation activity of mucinic glycoproteins are in doubt and without agreement.
Knowledge of the chemical, structural and elemental composition of GS is essential for the etiopathogenesis of GD. To identify the predisposing factors for GS formation, X-ray diffraction powder analysis, atomic absorption spectroscopy and various biochemical estimations were carried out. In the present study, trace elemental analysis revealed calcium as the major constituent element, in addition to the iron, magnesium and zinc in the majority of GS. Patients with GS exhibited increased serum total bilirubin and conjugated bilirubin levels and liver function parameters (serum glutamic pyruvic transaminase, serum glutamic oxaloacetic transaminase and alkaline phosphatase). In patients with GS, higher concentrations of malo- Figure 2 Color cathodoluminescence scanning electron microscopy micro images of cholesterol gallstones.� The application of the computer program "Adobe Photoshop" (software) and color contrast by the color cathodoluminescence scanning electron microscopy (CCLSEM) technique permitted the determination of cholesterol, bilirubin and protein within the stone. CCLSEM micrographs of cholesterol (A), protein (B), bilirubin (C) were obtained after color separation [100] . The major components of the gallstones under examination were cholesterol (A) and protein (B). They were detected all over the entire surface of the scanned gallstone while rare bilirubin insertions (C) were seen only at the periphery of the gallstone.
C B
A ndialdehyde, significantly higher glutathione disulfide/ glutathione (GSH) ratio, reduced total GSH levels and significantly decreased antioxidant enzymes activities (superoxide dismutase, catalase and glutathione peroxidase) were found than in patients without GS. Further studies are needed to establish whether the observed differences are a cause or an effect of GS formation. Such studies could ultimately result in the development of new strategies for the treatment of GS and might provide clues for the prevention of GS formation [109] .
PATHOGENESIS OF CHOLESTEROL STONES
The pathogenesis of GD is suggested to be multifactorial and probably develops from complex interactions between many genetic and environmental factors [1, 34] . Unphysiological biliary supersaturation from hypersecretion of cholesterol, gallbladder hypomotility and the accumulation of mucin gel contribute to the formation of cholesterol GS, while black pigment stones derive from the precipitation of calcium hydrogen bilirubinate where pigment supersaturation and deposition of inorganic salts, phosphate and calcium bicarbonate accelerate the nucleation. Pigment supersaturation is common in hemolytic disorders, enterohepatic cycling of unconjugated bilirubin and ileal disorders and/or surgery [110] . Cholesterol GD results from a biochemical imbalance of lipids and bile salts in the gallbladder bile [30] . Cholesterol stones are formed in the gallbladder due to impaired relationships between the major bile components, cholesterol, phospholipids and bile acids [111] . The pathophysiology of GS formation involves three steps: saturation, crystallization and growth. Bile cholesterol supersaturation is an obligatory, but not the only, factor that contributes to GS formation. An important role in this is played by the state of pronucleating and antinucleating factors and the functional state of the gallbladder.
The biochemical composition and physicochemical properties of bile are modified when it is located in the gallbladder. Diminished evacuatory function of the gallbladder with its preserved concentrating capacity may give rise to biliary sludge and GS. In excess cholesterol or deficiency of phospholipids and/or bile acids (a high cholesterol saturation index), bile cholesterol is transported, not only in the form of mixed micelles, but also as phospholipid vesicles. Cholesterol-supersaturated unilamellar and then multilamellar vesicles that are less stable are formed. Nuclear receptors (NRs) play a key role in the transcriptional control of critical steps of hepatobiliary transport and phase Ⅰ/Ⅱ metabolism of endoand xenobiotics such as bile acids and drugs. Apart from these metabolic roles, NRs may also play a key role in the control of hepatic inflammation. Hereditary and acquired alterations of NRs contribute to our understanding of the pathogenesis of cholestasis and GD. Moreover, NRs may represent attractive drug targets for these disorders [112] . Cholesterol nucleation is known to be an Cholesterol nucleation is known to be an Cholesterol nucleation is known to be an initial stage in the formation of cholesterol GS [113] . The present-day interpretation of the mechanisms responsible for cholesterol transport and formation of cholesterol monohydrate crystal in the bile suggests that cholesterol molecules nucleate from the liquid-crystalline phase (a mesophase) after the aggregation and possible fusion of cholesterol-rich unilamellar vesicles [99, 114, 115] (Figure 3) . ure 3).
3). Under certain conditions, cholesterol can aggregate and precipitate in them as cholesterol monohydrate crystals to give rise to the core of a GS.
The important factor in such mesophasic nucleation is associated with further interaction between the monohydrate crystals and the molecules of protein and unconjugated bilirubin. All these organic substances are precursors in the lithogenic bile and structural components of most human GS [116] . Polarizing light microscopy is the main technique for visualization of cholesterol crystal formation processes in normal and lithogenic bile [117, 118] . This technique has revealed that cholesterol crystallizes from bile via metastable intermediates [119] . Loginov et al [100] have shown that mixed (single and multiple) stones are composed of alternating concentric, cholesterol-rich and bilirubin-rich layers. The reason for this alternation and the periodic emergence of layers of various compositions remain unclear. By taking into account the data on the zonal stratification of bile on its drying and the relationship of the formation of cholesterol and bilirubin the deposits to the dehydration or watering of a solution, it can be presumed that the layering of stones depends on bile concentrations in a period of lithogenesis [120] . Cholesterol can crystallize even when the concentration of a bile solution is outside or slightly below the normal range. Bilirubin precipitation increases as lithogenic bile concentrates progressively. Thus, the concentrating or watering of a bile solution may be of great importance in the formation of cholesterol-and bilirubin-containing layers in the GS.
Bile proteins and bilirubin, in addition to cholesterol crystals, can be a matrix in stone formation. Mucinglycoprotein gel is one of the most important and identified pronucleators. It should be noted the mucus of the gallbladder in normalcy constantly secretes the mucin; however, its secretion increases due to inflammation [121] .
Chronic inflammation of the gallbladder wall and mucin hypersecretion are considered important factors in the pathogenesis of cholesterol GD. The results support a promoting effect of gallbladder mucin hypersecretion by lipid peroxidation leading to rapid formation of cholesterol crystals in gallbladder bile. These findings suggest that besides hypersecretion of cholesterol in bile, chronic inflammation of the gallbladder wall is implicated in the pathogenesis of cholesterol GD [121] . Bacterial infection is of great significance in the development of inflammation in GD. In health, bile is sterile as it has bactericidal activity [122] . When there are changes in bile composition or cholestasis in the gallbladder, bacteria can rise into the gallbladder through the bile duct and promote lithogenesis. Cystic bile destabilized by chronic inflammation of gallbladder wall contains high arachidonyl-lecithin levels (Figure 4) . The observed in- (Figure 4 ). The observed in- Figure 4 ). The observed in-). The observed in-. The observed increase in the activity of the phospholipase А� secreted by bacteria leads to the hydrolysis of phospholipids and the accumulation of free fatty acids, including arachidonic acid [107] . The latter activates the generation of prostaglandins, thromboxanes and leukotrienes to cause mucin glycoproteins to be hypersecreted by the gallbladder mucosa. In infection, cholic acid is converted to lithocholic acid. The higher production of lithocholic acid in the cystic bile promotes aggregation of cholesterol monohydrate crystals.
In parallel with this, there are morphological changes in the gallbladder mucosa. The surface epithelium passes into goblet, mucus cells that secret much mucus, the columnar epithelium flattens and microvilli are lost. This results in impaired water and electrolyte absorption February 27, 2012|Volume 4|Issue 2| WJH|www.wjgnet.com 26 Figure 4 It shows a diagram of gallstone formation by taking into account the above impaired bile production and excretion processes.� Reshetnyak VI. Gallstone disease Gallstones processes. Mucin and mucus hypersecretion gives rise to a parietal colloid solution that is turned to viscoelastic glycoprotein-mucin gel. The latter promotes the aggregation of phospholipid vesicles and the nucleation and precipitation of cholesterol monohydrate crystals and/or bilirubin. Cholesterol monohydrate crystals, mucus glycoprotein mucin bands and calcium bilirubinate granules form the basis for biliary sludge and a pigmented matrix of the core of most cholesterol gallstones. Hypersecretion is induced by the increased expression of one of the genes encoding the synthesis of mucin (MUC5AC) and by the decreased expression of the epidermal growth factor receptor gene involved in the regulation of mucin synthesis, which are observed in all patients with GD [55] . The elevated levels of glycosaminoglycans mainly due to a sulfated fraction are characteristic.
In addition to mucin, the proteins that accelerate cholesterol precipitation include N-aminopeptidase, immunoglobulins and phospholipases C. The antinucleators include apolipoproteins А1 and А�, which slow cholesterol precipitation, aspirin and other nonsteroidal antiinflammatory drugs.
The bulk of intrahepatic stones are formed due to biliary tract infection [123] . The neck of the gallbladder hosts the biggest bacterial load in comparison with the body and the fundus. This difference might be attributed to the presence of Rokitansky-Aschoff sinuses, the main histological characteristic of the region [124] . This is frequently the opportunistic flora (Escherichia coli, streptococcus, staphylococcus and typhoid bacillus) that, by setting in motion its capsular O-antigen, can persist in the GS for decades [125] . Intrahepatic stones contain abundant free fatty acids and free bile acids due to the deconjugation with bacterial enzymes.
Bacteria are readily cultured from cholesterol stones with pigment centers, allowing for analysis of their virulence factors. Bacteria sequestered in cholesterol stones cause infectious manifestations but less than bacteria in pigment stones. Possibly, because of their isolation, cholesterol stone bacteria are less often present in bile and blood, induce less immunoglobulin G, are less often killed by a patient's serum and demonstrate fewer infectious manifestations than pigment stone bacteria [126] . The O-antigen capsule genes are bile induced and the capsule produced by the enzymes of this operon is specifically required for biofilm formation on cholesterol GS. Salmonella enterica serovar Typhi can establish a chronic, asymptomatic infection of the human gallbladder, suggesting that this bacterium utilizes novel mechanisms to mediate enhanced colonization and persistence in a bilerich environment. GS are one of the most important risk factors for developing carriage and authors have previously demonstrated that salmonellae form biofilms on human GS in vitro [125] . Thus, the microorganisms induce increased mucin production and destroy both components that solubilize cholesterol in the micelles by inducing its crystallization. The performed investigations indicate that stones of various compositions are formed depending on the species of the microorganism that is responsible for biliary tract inflammation. Thus, the bacteria that produce beta-glucuronidase and mucus or betaglucuronidase only give rise to pigment or mixed stones while the microorganisms that produce only mucus or do not produce any of these factors are more common in the cores of cholesterol stones [127] . The genetic material of Clonorchis sinensis and Ascaris lumbricoides worms may be found in the GS [128, 129] . Clonorchis sinensis and Ascaris lumbricoides may be related to biliary stone formation and development [128] . Foreign bodies, such as suture materials, clips, swallowed metal or plastic fragments, or parasites, may become foci of nucleation. Surgical clips are the most common cause of iatrogenic cholelithiasis [23] . The stones' growth rate is 3-5 mm per year and in some cases it may be more [22, 130] .
TREATMENT FOR GALLSTONE DISEASE
The treatment of cholelithiasis is symptomatic and chiefly aims at removing the stones from the gallbladder or bile ducts. When the cause of the disease is known, the conditions resulting in cholelithiasis, such as hemolytic anemia, obesity, diabetes mellitus, etc, are treated.
Surgery has long remained the exclusive form of therapy for GD. The achievements in bile molecular biology and biochemistry have extended the views of intricate bile production and excretion processes and the mechanisms responsible for formation of GS and their structure. This could expand indications for medical treatment in patients with GD. Therefore, surgical and medical treatments for cholelithiasis are equally used today. The basic treatments for GD are: (1) cavitary cholecystectomy endoscopic cholecystectomy; (2) litholytic therapy (LT); (3) extracorporeal shock wave lithotripsy (ESWL); (4) extracorporeal shock wave lithotripsy + Litholytic therapy; and (5) percutaneous transhepatic LT.
The final choice of treatment policy must be eventually determined by a joint decision between a therapist, surgeon and patient. This paper will outline the basic principles of medical therapy for cholelithiasis.
The second half of the last century was marked by the emergence of new medical treatments for GD: litholytic therapy (stone dissolution) and lithotripsy (stone shattering). About 30% of patients with gallbladder stones may undergo litholytic therapy [22] . GS dissolution is based on the pathophysiology of cholepoiesis and choleresis in cholelithiasis and is carried out with bile acids. Scientists established experimentally that the ratio between the concentration of bile acids leads to a redistribution of phases in a triangular coordinate system [114] ( Figure 5) . ure 5). This principle underlies the dissolution of GS by using bile acids drugs. For this, litholytic drugs containing chenodeoxycholic or ursodeoxycholic acid (UDCA) are used. Preference is given to UDCA-containing agents. They are more effective and have virtually no side ef-fects [48] . With administration of the agents, there is With administration of the agents, there is With administration of the agents, there is elimination of bile acid deficiency, inhibition of hepatic synthesis of cholesterol and its secretion into the bile, as well as intestinal absorption, ultimately resulting in a decreased bile cholesterol level and stone dissolution.
In health, the proportion of UDCA is not greater than 5% in the total bile acid pool, whereas it is more than 60% of all bile acids after three months or more of administration of oral UDCA-containing preparations [131] . The increased total pool of bile acids at the expense of polar UDCA causes a reduction in bile cholesterol saturation and promotes a gradual cholesterol solubilization from the gallstones. The administration of UDCA out-
The administration of UDCA outThe administration of UDCA outside the intestine through the feedback system suppresses the biosynthesis of cholesterol, which also lowers the bile cholesterol saturation index. Reductions in cholesterol and potentially toxic primary acids in the total pool are followed by decreased cholesterol levels in the hepatocytic membranes [89] . This normalizes performance of the carriers of bile acids and phospholipids on the canalicular and basolateral membranes of the hepatocytes, which elevates the amount of bile acids and phospholipids in the canalicular bile and also decreases the bile cholesterol saturation index [132] . In vitro studies have demonstrated that UDCA reduces the levels of cholesterol and the intensity of lipid peroxidation in the myocyte cytoplasmic membrane of the gallbladder and diminishes its mucin secretion [133] . Even short-term treatment with UDCA preparations corrects impaired gallbladder motility, thus showing their choleretic activity [134, 135] . For successful litholytic therapy, definite criteria should be met for selection of patients with cholelithiasis: (1) the stone should be cholesterol or mixed; (2) the (1) the stone should be cholesterol or mixed; (2) the the stone should be cholesterol or mixed; (2) the (2) the the size of the stones should not be greater than 1.5 cm; and and (3) the gallbladder should fully preserve its function and the gallbladder should fully preserve its function and be packed with stone not more than ¼ of the fasting volume; the cystic duct and common bile duct should the cystic duct and common bile duct should the cystic duct and common bile duct should preserve their patency; enterohepatic circulation of bile enterohepatic circulation of bile enterohepatic circulation of bile acids should be preserved.
The dose of a drug depends on body weight. The daily dose of bile acids should be increased in obese patients [22] . For the highest therapeutic effect, the drug should be taken in a single daily dose overnight, for its highest concentration in the gallbladder at a relative functional rest and during the maximum cholesterol synthesis [48] . Rarely, with the use of the drug there may be diarrhea. In these cases, 1/3 of the daily dose should be taken in the morning and the rest in the evening.
The efficiency of litholytic therapy is shown to depend largely on its use at the early stages of GD when compact stones have not been formed yet. Drug therapy is performed long-term (from 6 mo to 2 years or more), necessarily with ultrasound guidance and biochemical blood tests carried out every three months during therapy. When the stones are reduced in size, it is advisable to continue the therapy for 3-6 mo until they are completely dissolved. If there is no reduction in the sizes of gallstones within 12 mo of the initiation of litholytic therapy, the latter should be stopped [48] . Low-cholesterol diet and dietary intake of bran are indicated during and after the therapy [48] . Ursotherapy is not a contraindication in the treatment of pregnant women with GD [22] . When selecting the patients correctly, the efficiency of litholytic therapy with UDCA is as high as 60%-90%: (1� in the presence of �floating�� cholesterol small stone, in the presence of �floating�� cholesterol small stone, it is up to 90%; (2) with single mixed gallstones �� 1 cm ; (2) with single mixed gallstones �� 1 cm with single mixed gallstones �� 1 cm in diameter, it is up to 75%; and (3) with multiple mixed ; and (3) with multiple mixed with multiple mixed gallstones with the maximum diameter of �� 1 cm, it is up to 60%.
The result of therapy depends on the size of a stone; cholesterol stones less than 5 mm are best dissolved irrespective of the risk factors predisposing to the disease [136] . Single stones are dissolved less well than multiple ones (the latter have a more optimal ratio of the surface of stones to the volume of the gallbladder containing bile acid preparations). The highest effect is noted in young patients. Successful therapy proves to be more frequent when GD is detected early and much rarer when there is a long history of the disease due to stone calcification. When gallbladder contractility is preserved, successful therapy is predicted to be much more optimistic [22] . Unfortunately, GS may again form after their successful dissolution. After successful oral LT, recurrent stones are annually about 10% during 5 years, more frequently during the first � years, and then their frequency decreases. The risk for recurrence is less in patients with a primary single stone than in those who have been earlier found to have multiple stones. For the prevention of stone recurrences, it is necessary to continue small-dose UDCA therapy, which results in a significant reduction in the bile lithogenicity index and prevents recurrent stone formation [48] .
Contact litholysis
Contact litholysis is a variant of litholytic therapy. If contact litholysis is used, a substance that dissolves cholesterol stones is injected just into the gallbladder or bile ducts. Only cholesterol stones are prone to dissolution; The technique may be successfully used to dissolve fragments remaining after ESWL [22] . This procedure can be the method of choice in treating GD patients at high intraoperative risk. It may be employed both in patients with significant clinical manifestations and biliary colic episodes and those with asymptomatic GD.
From the physiological and molecular biochemical bases of the structural and functional state of the major components of bile, it is clear that, besides bile acids, phospholipids can solubilize cholesterol. The solubilizing properties of phosphatidylcholines (lecithins) are shown to be largely due to the fatty acid that is in the second position of a phospholipid molecule. This has given an impetus to design novel agents for dissolution of cholesterol gallstones containing conjugates of bile acids and fatty acids with a chain length of 14 to 22 carbon atoms linked by an amide bond [119, 137] . The amide bond prevents the compound from splitting in the intestine. The first laboratory studies have demonstrated that the conjugates of bile acids and fatty acids do show a cholesterol-solubilizing effect [119] . The conjugates of bile acids with arachidonic acid, arachidyl-amino-cholanoid, have the best solubilizing effect. It has been indicated in vitro and in vivo (in mice) that these compounds are able to prevent the formation of cholesterol crystals and to dissolve them in animals on a lithogenic diet [119, 137] . ESWL has substantially extended the capabilities of medical treatment in patients with GD and could achieve a positive effect in those with gallstones up to 3 cm in diameter. The technique is based on shock wave generation. Pressure that is 1000 times greater than the atmospheric one is achieved in the focus within 30 nsec. Because soft tissues absorb little energy, its bulk falls on a stone, causing its destruction. The technique is used as a preparatory stage for further oral litholytic therapy. There are strict indications for this type of therapy.
Criteria for selection of patients for lithotripsy are as follows: (1) single radiolucent cholesterol stones not more (1) single radiolucent cholesterol stones not more single radiolucent cholesterol stones not more than 3 cm in diameter; (2) multiple radiolucent stones (not (2) multiple radiolucent stones (not multiple radiolucent stones (not more than 3) 1-1.5 cm in diameter; (3) the volume of -1.5 cm in diameter; (3) the volume of 1.5 cm in diameter; (3) the volume of (3) the volume of the volume of stones is �� 1/2 of that of the gallbladder; (4) a function-(4) a functiona functioning gallbladder; (5) normal bile duct patency; (6) contra-(5) normal bile duct patency; (6) contranormal bile duct patency; (6) contrabile duct patency; (6) contrabile duct patency; (6) contraduct patency; (6) contraduct patency; (6) contrapatency; (6) contrapatency; (6) contra-; (6) contra-(6) contracontraindications to ESWL; ; (7) the presence of coagulopathy the presence of coagulopathy or anticoagulant therapy; and (8) Stone shattering into small fragments occurs after 1-3 sessions. When patients are correctly selected for ESWL, stones fragmentation can be achieved in 90%-95% of cases. Lithotripsy is considered successful if stones less than 5 mm in diameter can be fragmented. ESWL yields good results when minor (�� 20 mm) single stones are shat-20 mm) single stones are shat-20 mm) single stones are shattered. There are a low percentage of positive results if large dense and multiple stones are available. After lithotripsy, stone fragments are mainly excreted independently. Shock wave lithotripsy is generally used in combination with litholytic therapy that should be continued within six months after the last session of lithotripsy. The adverse reactions of lithotripsy are rare if indications are correctly chosen and the procedure is strictly followed. The most common reactions are biliary colic and, occasionally, minor signs of cholecystitis, hyperaminotransferasemia [22] . Biliary colic is eliminated by the use of spasmolytics and analgesics. Shattering of large gallstones by a few sessions in combination with litholytic therapy prevents the development of obstructive jaundice after lithotripsy.
High recurrence rates in the late period following lithotripsy are the most essential limitation to apply this technique [138] . ESWL has also shown to be effective in 90% of the common bile duct stones refractory to endoscopic treatment [139] ; however, a recurrence is observed in 14.5% of patients within 10 years [140] . There are data on the relative safety and efficiency of ESWL in patients with incorporated biliary tract stones and a high surgical risk [141, 142] .
Potential GD-preventing drugs
Among the GD-preventing drugs, ezetimibe is noteworthy [143] . This agent prevents the formation of cholesterol stones in mice by reducing cholesterol absorption (by 35% in the animals on a lithogenic diet and by 90% in the controls) and bile cholesterol saturation index (by 60% on a lithogenic diet�, intensifying bile flow, and enhancing the secretion of bile salts (by 60%), phospholipids (by 44%) and glutathione (by 100%), which is associated with the slightly increased expression of bile acid carriers. According to the preliminary data, the major effect of ezetimibe in man is to lower cholesterol absorption [144] . The drug is also effective in resorbing cholesterol stones by producing excess unsaturated micelles. Moreover, it increases the time of cholesterol crystallization in patients [145] . The long-term use of magnesium preparations has been demonstrated to prevent the occurrence of clinical forms of GD. Magnesium deficiency may cause dyslipidemia and insulin hypersecretion [146, 147] . There is evidence for the administration of melatonin for the prevention of GD. Melatonin is considered to lower bile cholesterol by reducing the rate of its absorption by the intestinal epithelium and by increasing the rate of its conversion to bile acids [148] . Of great importance in the prevention of recurrent gallstones are the following factors: (1) to avoid inactivity (1) to avoid inactivity to avoid inactivity [24, 48] . Patients with GD are recommended to exercise (graduated walking of at least 1 km daily; daily exercises associated with the tension of prelum abdominal and the elevation of intraabdominal pressure); (2) to keep a dietary pattern (frequent, frac-(2) to keep a dietary pattern (frequent, fracto keep a dietary pattern (frequent, fractional) and low-cholesterol diet; (3) to eliminate being (3) to eliminate being to eliminate being overweight; (4) to avoid long-term starvation periods and (4) to avoid long-term starvation periods and to avoid long-term starvation periods and intake of cholesterol synthesis-increasing drugs [22] ; and (5) and (5) to have gallbladder ultrasonography at least once a year.
CONCLUSION
In conclusion, the achievement in the study of the physiology of bile formation and the pathogenesis of gallstone disease has allowed expanding indications for therapeutic treatment of GD and reducing the number of patients who undergo surgical treatment. It should be noted that notable advances have been made in studying the mechanisms responsible for the formation of GS, which could extend the capabilities of their dissolution and shattering conservatively. Because GD is a multifactorial disease, its treatment remains symptomatic. Because the etiology and pathogenesis of GD is still not well defined and strategies for prevention and efficient non-surgical therapies are missing, further studies are required [1] . This makes investigators continue so that researchers have new data to allow progress in the treatment of cholelithiasis. From a public health standpoint, it is not only important to study the background prevalence of gallstone disease regionally, but also to explore the demographic and biological markers related to the development of gallstone disease. If we can predict which factors contribute to the development of GD, we can prevent it by controlling these factors.
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